We analyze the semileptonic B c → B * u ℓ + ℓ − decay in the frame work of the Standard Model. We calculate the B c to B * u transition form factors in QCD sum rules. Analytical expressions for the spectral densities and gluon condensates are presented. The branching ratio of the B c → B * u ℓ + ℓ − decay is calculated, and it is obtained that this decay can be detectable at forthcoming LHC machines.
Introduction
The double heavy B c mesons have been firstly discovered by the CDF Collaboration [1] , with mass m exp Bc = (6.4 ± 0.39 ± 0.13) GeV . Recently CDF Collaboration [2] announced an accurate determination of the B c meson mass, m Bc = (6.2857 ± 0.0053 ± 0.0012) GeV . The study of the B c meson has received a great interest, due to its special properties: firstly, its lowest bound state is composed of two heavy (charm and beauty) quarks with open flavor; secondly, this meson attracts the interest of physicists for checking predictions of the pertubative QCD in the laboratory; and lastly, the weak decay channels of B c meson are reacher compared to the corresponding decay channels of B q (q = u, d, s) and can be divided into three classes:
• b quark decaying weakly, with the c quark as spectator, e.g., B c → J/ψℓν ℓ ;
• c quark decaying weakly, with the b quark as spectator, e.g., B c → B s ℓν ℓ ;
• The annihilation channels like B c → ℓν ℓ , B c → D * − sK 0 * .
There are quite a few number of theoretical works studying various leptonic, semileptonic and hadronic exclusive decay channels of B c meson (for a review, see [3] ).
From experimental point of view, the study of weak semileptonic decays of B c meson is quite important for the determination of Cabibbo-Kobayashi-Maskawa (CKM) matrix elements, leptonic decay constant f Bc , etc.
Much more B c mesons and more detailed information about their decay properties are expected at the forthcoming LHC accelerator. In particular, this holds true for the dedicated detectors BTeV and LHCB which are specially designed for the analysis of B physics where one expects to see up to 10 10 B c mesons per year with a luminosity 10 34 cm −2 s −1 [4] The rare decays constitute on of the most important class of decays for a more precise determination of the parameters of the SM, as well as looking new physics beyond the SM [5] [6] [7] , since the flavor changing neutral currents (FCNC) are absent in the SM at tree level and appear only at loop level, due to the running of virtual particle in the loop.
Of the FCNC processes involving K and B mesons, main attention has been focused on B 0 −B 0 mixing, b → sℓ + ℓ − , b → sγ, s → dℓ + ℓ − , s → dνν, etc, since top quark runs in the loop.
Study of the FCNC decays in charm sector has not received enough attention. This can be explained by the fact that in the SM, D 0 −D 0 mixing [8, 9] , as well as FCNC decays [10] [11] [12] , are expected to be very small. Moreover, long distance effects are quite huge, since the loop in charm decay involves light down quarks.
In the present work we present a detailed analysis of the semileptonic B c → B * u ℓ + ℓ − decay in the framework of sum rules method. This mode is likely to be observed in forthcoming accelerator experiments. Note that the radiative decay B c → B * u γ, which at quark level described by c → u + γ transition is investigated in [13, 14] .
The plan of this work is as follows: In the following section QCD sum rules of the threepoint correlators are considered and sum rules for the form factors that are responsible for the B c → B * u ℓ + ℓ − decay are constructed. In section 3 we present our numerical results and conclusions.
Sum rules for transition form factors
In the present section we derive sum rules for the form factors that controls the B c → B * u ℓ + ℓ − decay This decay is described by the c → uℓ + ℓ − transition at quark level. The matrix element for the c → uℓ + ℓ − decay can be written in the following form [15] :
The values of the Wilson coefficients at µ = m W are given by the following expressions (see for example [10, 13] )
where [15] and are all given in Appendix-A.
At
is given by
where
It should be noted here that QCD corrections do not effect C 10 , i.e., C 10 (m c ) = C 10 (m W ).
The QCD corrections are particularly important for the Wilson coefficient C 7 and in the numerical analysis we use the two-loop QCD-corrected value of C ef f 7 which is calculated in [11] .
Similar to the b → sℓ + ℓ − transition, the Wilson coefficient in the c → uℓ + ℓ − transition receives long distance contributions which have their origin in the realqq intermediate state, i.e., ρ, ω and φ mesons. These contributions can be written via the following replacement in C ef f 9 (m c ) [16] C ef f 9
where m V i and Γ V i are the resonance mass and width. The Fudge factor κ i is determined in [10] to have the values κ φ = 3.6, κ ρ = 0.7 and κ ω = 3. 
These hadronic matrix elements of the B c → B * u ℓ + ℓ − decay can be parametrized in terms of the form factors in the following way:
The expressions of the form factors V , A 1 and A 2 can be determined by choosing the coefficients of the Lorentz structures ǫ νµαβ p α p ′β , ig µν and P µ q ν in the correlator function Π (V +A) µν , respectively. In order to determine the form factors T 1 , T 2 and T 3 , the invariant functions in the coefficients of the Lorentz structures ǫ νµαβ , ig µν and iq µ q ν in the correlator Π T are picked, respectively. Finally, the coefficient of the four-vector q ν in the correlator Π ν is spared for the form factor A 0 .
On the other side, the three-point correlator function can be calculated by operator product expansion (OPE) in the deep Euclidean region p
The time ordered products of currents in the three-point correlator function in Eq. (1) can be expanded in terms of a series of local operators with increasing dimension, as is shown in the following:
where (C i ) νµ are the Wilson coefficients, I is the unit operator, G αβ is the gluon field strength tensor, Γ and Γ ′ are the matrices appearing in the calculations. Considering the vacuum expectation value of the OPE, the correlator function can be written in terms of the local operators as:
The values of the heavy quark condensates are related to the vacuum expectation value of the gluon operators in the following manner:
where Q is the heavy quark and the heavy quark condensate contributions are suppressed by inverse of the heavy quark mass, and for this reason we can safely omit them. It should be noted here that, in principle, the light quark condensate does give contribution to the correlator function, but its contribution becomes zero after double Borel transformation. Therefore, the only nonperturbative contribution to the above-mentioned correlator function comes from the gluon condensate.
As a result, in the lowest order of perturbation theory, the three-point functions receive contribution from the bare-loop and gluon condensates, i.e.,
The bare-loop contribution contribution can be obtained using the double dispersion representation
in the variable p 2 and p ′2 , where
The integration region in Eq. (20) is determined by the inequalities
2 ) can be calculated by using the Gutkovsky rule, i.e., by replacing the propagators with Dirac-delta functions
After standard calculations, we get for the spectral densities:
where N c = 3 is the color factor,
, and explicit forms of the functions B, C, D, and E are given in appendix-B. According to the QCD sum rule philosophy, contributions coming from the excited states are approximated as bare-loop contribution, starting from some thresholds s and s ′ , in accordance with the quark-hadron duality. Note that we neglected O(α s /π) hard gluon corrections to the bare loop diagrams, since they are not available yet. However, we expect their contributions to be about ∼ 10%, so that if the accuracy of QCD sum rules is taken into account, these corrections would not change the results drastically.
The next problem is calculation of the gluon condensate contributions to the correlation functions. The gluon condensate contributions to the three-point sum rules are described by the diagrams presented in Fig. (1) . The calculations of these diagrams are carried out in the Fock-Schwinger fixed-point gauge [18] [19] [20] x µ A a µ = 0 , where A a µ is the gluon field. In calculating the gluon condensate contributions, integrals of the following types are encountered:
These integrals can be calculated by continuing to Euclidean space-time and using Schwinger representation for the Euclidean propagator
which is very suitable for the Borel transformation since
Performing integration over loop momentum and over the two parameters which we have used in the exponential representation of propagators [19] , and applying double Borel transformations over p 2 and p ′2 , we get the Borel transformed form of the integrals in Eq.(30) (see also [21] )
wherê
where M 2 1 and M 2 2 are the Borel parameters in the s and s ′ channel, respectively, and the function U 0 (α, β) is defined as
Hat in Eqs. (34) and (35) means that they are double Borel transformed form of integrals. Performing double Borel transformations on the variables p 2 and p ′2 on the physical parts of the correlator functions and bare-loop diagrams and equating two representations of the correlator functions, we get the following sum rules for the form factors: (1, 4, 1) + 48m where the upper value corresponds to the case when only short distance contributions are taken into account, and the lower one corresponds when short and long distance contributions due to the ρ, ω and φ resonances are taken into account.
It follows from this result that, the B c → B * u ℓ + ℓ − decay with the above-presented width can be measurable at LHC.
In conclusion, we calculate the B c → B * u transition form factors V (q 2 ), A 1 (q 2 ), A 2 (q 2 ), A 0 (q 2 ), T 1 (q 2 ), T 2 (q 2 ) and T 3 (q 2 ) in the framework of QCD sum rule. Our calculations show that this rare, semileptonic decay can be measurable at LHC. Using the results of the form factors calculated in the present work, we estimate the branching ratio of the B c → B * u ℓ + ℓ − decay.
Appendix-A
In thus appendix we present the expressions of the functions F 1 , F 2 C box and C Z , which enter to the expressions of the Wilson coefficients C 7 (m W ), C 9 (m W ) and C 10 (m W ). These functions have been obtained in [15] and have the following forms:
Appendix-B
In this appendix we present the expressions of the functions B 1 , C, D, and E, which appear in the calculations of the spectral density ρ A 2 (see eq. (25)). .
